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At first glance, the hardware for this project may appear to be pretty ho- 
hum: a fairly standard 8051 board, which at most differs from the rest by 
the absence of an EPROM. The Flash program memory in the micro- 
controller used here is also not especially radical. But the Dallas Semi- 
conductor DX89C7240 is definitely something different: this processor is 
no less than | 2 times faster than the original 805! at the same crystal fre- 
quency, and it can achieve processing speeds of up to 33 MIPS witha 


clock frequency of 33 MHz! 





In December 2001 we published a 
hugely successful design for a micro- 
controller board using an Atmel 
Flash microcontroller. This month it’s 
time to give Dallas Semiconductor a 
turn. Just more of the same? Yes and 
no. Yes, this is a Flash microcon- 
troller that bears a strong resem- 
blance to its distant ancestor, the 
8051. No, because by modifying the 
core of the processor to make it 
much faster and adding various 
functions to the standard 8051, Dal- 
las has put an 8-bit microcontroller 
on the market that can easily hold its 
own against modern16-bitters! 

Of course, 33 MHz is already quite 
fast for a microcontroller, but Dallas 
was unfortunately not able to 
achieve the promised 50 MHz (the 
target value stated in the pre- 
announcement of the DS89C420). 
Still, it is a factor of 12 faster than a 
normal 8051 would be at 33 MHz. 

We can also report that a sample 
of this microcontroller ran at 50 MHz 
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in our lab at room temperature, but 
Dallas has to be able to guarantee 
the maximum frequency over a tem- 
perature range of 0 to 70 °C. Over- 
clockers can thus try their luck... 


Dallas Semiconductor is certainly 
not the only manufacturer to embroi- 
der on the successful 8051 concept. 
Over the past years, we have pub- 
lished many projects using micro- 
controllers derived from this vener- 
able microcontroller. Most of them 
differ from the 8051 by having more 
‘peripheral’ functions on board, such 
as A/D converters, watchdog 
timers, compare-and-capture units 
and the like. In this regard, the 
DS89C420 (whose block diagram is 
shown in Figure 1) is something of 
a non-conformist. The actual core of 
the processor has been dismantled, 
improved and extended. All of these 
modifications are made possible by 
the architecture of the 8051 proces- 
sor, in particular the Special Func- 
tion Registers (SFRs) inside the 
microcontroller. The RAM region 
between addresses 80h and OFFh is 
reserved for these registers, but in 
the original 8051 only a small por- 
tion of this region is actually occu- 
pied. Just like other successors to 
the 8051, the DS89C420 uses ‘free’ 
register addresses to add functions. 
All of the ‘extras’ are housed in this 
memory region, so additional 
peripherals or functions can be 
addressed using read or write 
accesses within the memory space 
of the microcontroller. For example, 
an extra serial port has its own reg- 
ister address for the buffer and a 
register for the port settings. This 
approach makes it possible to add 
functions without extending the 
instruction set. 

A glance at Figure 2 shows that 
the latest member of the Dallas fam- 
ily adds no fewer than 30 (!) SFRs to 
the original 21 of the 8051. We don't 
want to bore you with a full list of all 
the extra registers or explanations of 
what they do, so we will limit our- 
selves to describing the most strik- 
ing and progressive features. 
Detailed descriptions can be found 
in the User’s Guide (nearly 200 
pages long) and the 60-page ‘data 
sheet’ for this microcontroller, both 
available from the Dallas Semicon- 
ductor website. 


6/2002 Elektor Electronics 


The increased speed is primarily 
the result of completely new struc- 
ture for the core of the controller, 
which allows many instructions to be 
executed in one clock cycle. The 
good old 8051 has a machine cycle of 
12 clock cycles. At the same clock fre- 
quency, the DS89C420 is thus a fac- 
tor of 12 faster than an 8051 and a 
factor of 4 faster than other high- 
speed microcontrollers from Dallas. In 
addition, the DS89C420 has extra 
peripherals and features not present 
in an 8032: 16 kB of Flash program 
memory, three 16-bit timer/counters, 
two UARTs, two data pointers, a 
watchdog timer, five interrupt prior- 
ities and 256 bytes of RAM for the 
stack and variables. The DS89C420 
also has a Power Management mode 
that can be used to dynamically 
reduce the internal clock rate by a 
factor of 1024. The power consump- 
tion of the processor is proportional 
to the clock rate, so a considerable 
amount of energy can be saved in 
this manner whenever there is little 
or no activity. The microcontroller can 
be returned to full speed by an inter- 
rupt or activity on the serial port. 

The DS89C420 is available in 
three different packages (DIP PLCC 


and TOFP) and is fully pin-compatible with 
other 8051-family microcontrollers. It is also 
fully backwards compatible at the software 
level, but for many applications it would be a 
shame not to take advantage of the new pos- 
sibilities offered by this IC. In this first instal- 
ment, we take a close look at these novel fea- 
tures before turning our attention to the cir- 
cuit board and construction (in the second 
instalment). Here we assume that the reader 
is already familiar with the ‘standard’ 8051 
architecture. 


Compatibility 


The microcontroller can be used as a direct 
replacement for an 8051 in an existing appli- 
cation, and there are also no changes to the 
instruction set. As a rule, the circuit should 
work without any problems, but much faster 
than with an 8051. However, there are a cou- 
ple of considerations that must be borne in 
mind in such a situation. 


Timer/counters 


The DS89C420 has three 16-bit timers that are 
clocked in the old manner with twelve clock 
cycles per machine cycle, so the timing 
remains compatible with the 8051. All three 
of them can also be configured to be clocked 
at one clock cycle per machine cycle, if so 
desired. 
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Figure |. The internal structure of the DS89C420. 
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Figure 2. Summary of the DS89C420 Special Function Registers. 


Instruction set and timing 


The instructions work exactly the same way 
as their counterparts in the 8051, and there 
are no changes in the how the bits, flags and 
processor status are affected. However, the 
timing of the instructions is different, which 
can be of considerable importance to time- 
critical processes. 

The relative timing of some instructions is 
different. For instance, in the original archi- 
tecture the ‘MOVX A,@DPTR’ and ‘MOV 
direct,direct’ instructions both take 24 
clock cycles, or 2 machine cycles, and thus 
take the same amount of time. In the 
DS89C420, the first of these instructions 
takes only two machine (clock) cycles, while 
the second takes three cycles. If proper timing 
is essential for the operation of your program, 
you should thus carefully study the instruc- 
tion set. 


Serial programming 


The microcontroller can be programmed ‘in 
circuit’ in a very simple manner. As we will 
see later on in the schematic diagram of the 
development board, only three tri-state 
buffers have to be added to the standard 
hardware to simultaneously put the reset, EA 
and PSEN signals into a non-standard state. 
If this is done, a special portion of the ROM is 
addressed and a monitor program located 
there is started. After this, the internal Flash 
memory can be loaded or read out via a ser- 
ial link to a PC. This is ideal for a develop- 
ment system, as well as for designing and 
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testing applications that ultimately 
have to run on a different processor, 
such as an 8032 — although in that 
case you naturally can’t use any of 
the splendid new features offered by 
the DS89C420! 

By the way, the microcontroller is 
also parallel-programmable using a 
standard Flash programmer or 
EPROM programmer. 


Memory configuration 


With the DS89C420, the memory is 
divided into the same three regions 
as with the 8051 (see Figure 3): reg- 
isters, program memory and data 
memory. All registers are located in 
the microcontroller itself, but the 
other two regions can be entirely 
internal, entirely external or a mix of 
internal and external. 

The microcontroller has 16 kB of 
Flash program memory and 1 kB of 
data memory. A particularly unusual 
feature is the ability to switch the 
data memory over to program mem- 
ory. This makes it possible to do 
things such as fetching in a new 
subroutine while a program is run- 
ning (via the serial port or from 
external memory), writing it to data 
memory and then switching the data 
memory over to program memory 
and executing the code. Switching 
the data memory causes the Flash 


memory between addresses 400h 
and 7FFh to be disabled and 
‘replaced’ by a like-sized block of 
RAM. Although this RAM is physi- 
cally internal memory, it is 
addressed as external memory using 
MOVX instructions. 

Naturally, the size of the address 
space is 64 KB for both program and 
data memory. If the address region 
of the memory inside the microcon- 
troller is exceeded, external memory 
is automatically addressed. But 
where can you find static RAM (for 
instance) that can handle such a 
lightning-fast processor? No need to 
worry; the DS89C420 is somewhat 
more sedate when addressing exter- 
nal memory, and it is even possible 
to configure the durations of the SR, 
RD, PSEN and ALE signals to allow 
the microcontroller to ‘talk to’ rela- 
tively slow peripheral devices. How- 
ever, this is not especially easy and 
requires careful study of the timing 
of both the DS89C420 and the mem- 
ory coupled to it. Dallas Semicon- 
ductor has written a guide that 
clearly describes how this has to be 
done, entitled Application Note 26, 
Ultra High-Speed Microcontroller 
Memory Interface Timing. 

The topmost address of the inter- 
nal program memory can be 
changed during the execution of an 
application. This allows a portion of 
this memory to be disabled in order 
to (temporarily) make the address 
region free for use with external pro- 
gram memory. 

An additional feature is that 
external memory can also be 
addressed in paged modes. This 
means that rather than having a 
multiplexed address/data bus on 
port PO, there is a multiplexed 
address bus, with the upper address 
byte being clocked into the latch. As 
long as this byte remains constant, 
only the lower address byte is 
changed. The latch cycle can thus be 
skipped, which allows the external 
memory to be read or written faster. 
Bear in mind that these modes 
require adjustments to the standard 
external hardware. 


Data pointers DPTR 
and DPTR1 


When executing a MOVX instruction 
(to read or write external data mem- 
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ory), an 8051 uses the data pointer 
register (DPTR), which can hold a 16- 
bit address. This address can refer to 
a location in the data memory or can 
be the address of external hardware. 
Whenever data must be moved from 
one address to another, one pointer 
is needed for the source and a sec- 
ond pointer for the destination. The 
DS89C420 therefore has two such 
pointer registers, which allows data 
to be moved much more efficiently. 

There is a Data Pointer Select 
(DPS) Special Function Register 
(SFR) coupled to these pointers, 
which allows the user to have all 
sorts of operations on the data point- 
ers be performed automatically. 

Bit DPS.O (i.e., the LSB of DPS) 
determines which pointer is active, 
which means that no new instruc- 
tions have been added to the stan- 
dard 8051 instruction set to allow 
the new, extra data pointer to be 
used in processing operations. The 
default value of this bit is ‘0’, which 
means that the ‘old’ data pointer is 
selected. Another bit in this register 
(DPS.5, Toggle Select) can be used to 
cause DPS.0 to be automatically tog- 
gled, so that the processor automat- 
ically switches back and forth 
between the two data pointers after 
each instruction related to DPTR. 

In order to make everything eas- 
ier and faster, the processor also has 
an automatic increment/decrement 
function for each data pointer, which 
can be enabled using Auto Incre- 
ment/Decrement Enable (bit 4 of the 
register). In short, if the proper con- 
trol bits are set, only read and write 
instructions are needed to move a 
block of data. One pointer points to 
a source memory location, while the 
other pointer points to the destina- 
tion. The microcontroller ensures 
that the correct pointer is selected 
and modifies its content as desired. 
This concept is undoubtedly familiar 
to those of you who have worked 
with digital signal processors, but it 
is rather unique for microcontrollers. 


Hardware 


The schematic diagram for this pro- 
ject is not particularly surprising: a 
microcontroller, an address latch, 
RAM, a serial interface, a power sup- 
ply and expansion connectors. All of 
this has appeared in the pages of 
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Elektor Electronics fairly often, but 
you will have to wait until the Sep- 
tember issue to take a closer look at 
the complete schematic. The only 
exception to the usual hardware con- 
figuration is an IC containing buffers 
with tri-state outputs, which can be 
used via the DTR line of the RS232 
interface to switch the microcon- 
troller into a special mode. If these 
buffers pull the DS89C420 EA and 
PSEN pins Low and RESET High, an 
internal monitor program is started 
in the microcontroller. This monitor 
is located in a special part of the 
microcontroller ROM that is only 
addressed when these three pins are 
held in the states just described, and 
which therefore does not occupy any 
program memory. 


Software 


On the FTP site of Dallas Semicon- 
ductor (ftp://ftp.dalsemi.com/pub/ 
microcontroller/) you will find two 
free downloads: Microcontroller 
Toolkit (MTKbeta.ZIP) and 
Loader420 (loader420.ZIP). These 


Note: The hatched areas shown on the internal and external 
memory are disabled on power-up (Default) 


can be used to switch the controller board 
into the monitor mode and communicate 
with the microcontroller. The first of these 
programs is fitted into a modern Windows 
‘jacket’, but otherwise the two programs are 
functionally equivalent. The most important 
function is programming the internal (Flash) 
program memory of the DS89C420, so that 
we can easily install our own applications in 
the microcontroller and modify them without 
a lot of bother. It is also possible to view and 
modify memory locations, ports, registers 
and so on - all in all, a complete develop- 
ment system! 

The program memory is reprogrammable 
and can be very easily modified in the proto- 
typing phase of a project, even if a normal 
8051 (or derivative) microcontroller will end 
up being used in the production phase. 

(020102-1) 


In the following instalment (which will appear 
after the Summer Circuits double issue, and 
thus in the September issue), we will discuss 
the circuit diagram of the high-speed con- 
troller board in more detail. 
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Figure 3. The 89C420 has the same memory configuration as the original 8051. 


21 


